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&DUERQFDSWXUH LVDYDLODEOH LQ WKH IRUPRI WKUHHSULPDU\ WHFKQRORJLHVQDPHO\SRVWFRPEXVWLRQFDUERQFDSWXUH
3&& SUHFRPEXVWLRQ RU R[\IXHO FRPEXVWLRQ $OO FDSWXUH WHFKQRORJLHV DUH DW GLIIHUHQW SURJUHVVLYH VWDJHV RI
UHVHDUFK GHYHORSPHQW DQG FRPPHUFLDOL]DWLRQ ZRUN WKDW LV DLPHG DW UHGXFLQJ WKH WHFKQRORJ\ FRVW 7KLV FRVW LV
DVVRFLDWHGSULPDULO\ZLWK WKHHQHUJ\FRVW HQHUJ\SHQDOW\ IRUFDSWXULQJDQGFRPSUHVVLQJ WKHFDUERQGLR[LGH)RU
LQVWDQFH FDUERQ GLR[LGH DEVRUSWLRQ LQ VROYHQWV WKURXJK FKHPLVRUSWLRQ LV FXUUHQWO\ WKH LQGXVWU\ VWDQGDUG ZKHUH
PRQRHWKDQRODPLQH 0($ LV WKHPRVW SRSXODU FKRLFH7KH WKHRUHWLFDOPLQLPXP VHSDUDWLRQ HQHUJ\ RI PROH




LQ WKHHQHUJ\SHQDOW\E\SURFHVVHQKDQFHPHQWVDORQH LV ORZ7KHUHIRUHVROYHQWHQKDQFHPHQWV LQFRQMXQFWLRQZLWK
SURFHVV HQKDQFHPHQWV DUH QHFHVVDU\ LQ RUGHU WR UHDOL]H GHHSHU UHGXFWLRQV LQ WKH HQHUJ\ SHQDOW\ KHOSLQJ FDUERQ








DQ RSWLPL]DWLRQ DOJRULWKP WR D SURFHVVPRGHO RI WKH SUHFRPEXVWLRQ FDUERQ FDSWXUH 3UH&& SURFHVV 7KH SRODU
SHUWXUEHGFKDLQVWDWLVWLFDODVVRFLDWLRQIOXLGWKHRU\33&6$)7LVXWLOL]HGGXHWRLWVPROHFXODUEDVLVDQGFDSDELOLW\
RIDFFXUDWHO\SUHGLFWLQJWKHUPRG\QDPLFSURSHUWLHVRIVROYHQWV$0,1/3RSWLPL]DWLRQDOJRULWKPLVXVHGWRGHDOZLWK
WKHVROYHQWRSWLPL]DWLRQVSDFHZKLFK LVGLVFUHWHZKLOH WKHSURFHVVSDUDPHWHUVDUHFRQWLQXRXV7KH3&&SURFHVV LV




























2.1. The Pre-CC process model 
7KH3UH&&SURFHVVLVXVHGIRUFDUERQGLR[LGHUHPRYDOIURPV\QJDVSURGXFHGLQ,*&&SRZHUSODQWV3K\VLFDO
DEVRUSWLRQ LV WKHSUHIHUUHGRSWLRQIRUFDSWXULQJ WKHFDUERQGLR[LGHDV LW LVDPDWXUH WHFKQRORJ\DQG LVXVHGXQGHU
VLPLODU FRQGLWLRQV WR UHPRYH FDUERQ GLR[LGH IURP QDWXUDO JDV 6ROYHQWV FRPPRQO\ XVHG LQ SK\VLFDO DEVRUSWLRQ
SURFHVVHVLQFOXGH0HWKDQROLQ5HFWLVRO103LQ3XULVRO'(3*LQ6HOH[RODQG3URS\OHQH&DUERQDWH3&LQ
)OXRU6ROYHQW>@
)LJXUH  VKRZV WKH IORZVKHHW RI WKH 3UH&& SURFHVV ZKLFK FRQVLVWV RI DEVRUSWLRQ LQ D WZRVWDJH DEVRUSWLRQ
FROXPQIROORZHGE\PXOWLSOHIODVKVWDJHVWRH[WUDFWWKHFDUERQGLR[LGHIURPWKHVROYHQWZKHUHWKHVROYHQWLVKHDWHG
SULRUWRHQWHULQJWKHIODVKFKDPEHUV6RPHRIWKHVROYHQWLVORVWDVDFRQVHTXHQFHRIIODVKLQJDQGPDNHXSVROYHQWLV
DGGHGWR WKHFDUERQGLR[LGHOHDQVROYHQWRQFHLWH[LWV WKHIODVKFKDPEHU7KHOHDQVROYHQW LV WKHQSUHVVXUL]HGDQG
SXPSHG EDFN WR WKH DEVRUSWLRQ FROXPQ FRPSOHWLQJ WKH F\FOH ,Q WKLV VWXG\ D WZRVWDJH DEVRUSWLRQ FROXPQ LV
VLPXODWHGDORQJZLWKWZRFRQVHFXWLYHDGLDEDWLFIODVKYHVVHOV$QHTXLOLEULXPEDVHGDEVRUSWLRQPRGHOLVXVHGDVWKH
SK\VLFDO DEVRUSWLRQ SURFHVV LV IDVW DQG DQ HTXLOLEULXPPRGHO LV DEOH WRPRGHO WKH SURFHVV UHDVRQDEO\ZHOO 7KH









418   Abdul Qadir et al. /  Energy Procedia  63 ( 2014 )  415 – 420 
2.2. Describing the thermodynamic and phase behavior using the PC-SAFT EoS model 
7KHVWDWLVWLFDODVVRFLDWLQJIOXLGWKHRU\6$)7LVDZLGHO\XVHGPROHFXODUEDVHGHTXDWLRQRIVWDWH(R6WKDWKDV
EHHQVXFFHVVIXOO\DSSOLHGWRVWXG\DEURDGUDQJHRIIOXLGV\VWHPV>@7KH6$)7(R6WDNHVLQWRFRQVLGHUDWLRQHIIHFWV





2.3. Process model solution 
$QRSWLPL]HG10310HWK\OS\UUROLGRQH VROYHQWEDVHGSUHVVXUH VZLQJFDUERQFDSWXUHDEVRUSWLRQSURFHVV
ZDVXVHGDVWKHEDVHFDVHIRUWKLVVWXG\7KHPRGHOOLQJSDFNDJH$VSHQ3OXV9$VSHQWHFK86$ZDVXVHGWR
GHYHORS WKH IORZVKHHWPRGHORI WKH3UH&&SURFHVVEDVH FDVH7KLVSDSHUXVHV WKH3RODU3&6$)7 33&6$)7
HTXDWLRQ RI VWDWH ZKLFK LV SDUW RI WKH 3&6$)7 SURSHUW\ SDFNDJH DYDLODEOH LQ $63(1 3OXV 2QFH WKH 3UH&&






LV GRPLQDWHGE\ WKH HQHUJ\ FRVW LQ WKHSXPSLQJSUHVVXUL]DWLRQDQGKHDWLQJRI WKH VROYHQW LQRUGHU WRGHVRUE WKH
FDUERQ GLR[LGH IURP WKH VROYHQW 7KH SURFHVV RSWLPL]DWLRQ DLPV DW UHGXFLQJ WKH SURFHVV HQHUJ\ UHTXLUHPHQW SHU
PDVVRIFDUERQGLR[LGHFDSWXUHGE\YDU\LQJWKHIORZUDWHRIWKHVROYHQWWHPSHUDWXUHDQGSUHVVXUHGURSVLQWKHIODVK
YHVVHOV,QWKLVZRUN103LVXVHGDVWKHEDVHVROYHQWDVLWKDVUHODWLYHO\KLJKFDUERQGLR[LGHVHOHFWLYLW\WRK\GURJHQ
DQG LV OHVV YRODWLOH WKDQPHWKDQRO LQ WKH . WHPSHUDWXUH UDQJH$V D EDVHOLQH FRPSDULVRQ WKH WKHRUHWLFDO
PLQLPXPHQHUJ\UHTXLUHGIRUFDUERQGLR[LGHVHSDUDWLRQIURPV\QJDV&2+ LVN-NJ&2>@
ZKLOH WKHHQHUJ\ UHTXLUHPHQW IRUFRPSUHVVLQJ&2IURPDWP WRDWP LVN-NJ&2>@7KHFRPELQHG
WKHRUHWLFDO PLQLPXP GXW\ RI VHSDUDWLRQ DQG FRPSUHVVLRQ LV  N-NJ DQG LV WKH LGHDO HQHUJ\ SHQDOW\ WKDW WKLV
SURFHVVDQGVROYHQWRSWLPL]DWLRQDLPVWRDSSURDFK
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:KHUHFobjUHSUHVHQWVWKHHQHUJ\FRQVXPHGSHUPDVVRIFDUERQGLR[LGHFDSWXUHGZKHUH ௣ܲ௨௠௣ ௛ܲ௘௔௧௘௥DQG ௖ܲ௢௠௣DUH
WKHSRZHUXVDJHRI WKHSXPSKHDWHUV DQGFRPSUHVVRUV UHVSHFWLYHO\ZKLOH݉஼ைమǡு௉ிDQG݉஼ைమǡ௅௉ிDUH WKHPDVVHVRI
FDUERQGLR[LGHUHOHDVHGLQWKHKLJKDQGORZSUHVVXUHIODVKYHVVHOVUHVSHFWLYHO\$VHULHVRIFRQVWUDLQWHTXDWLRQVDUH
LPSRVHG DURXQG WKH WHPSHUDWXUH DQG WZR IODVK SUHVVXUHV ZKLOH WKH IROORZLQJ LQLWLDO YDOXHV DUH XVHG LQ WKH








DQ RUJDQRVXOIXU FKHPLFDO FRPSRXQG DQG LV RIWHQ XVHG LQ RLO DQGJDV LQGXVWULHV SDUWLFXODUO\ LQ DFLG JDV UHPRYDO
SURFHVVHV 6XOIRODQH LV FDSDEOH RI VWURQJ VROYDWLRQ RI FDWLRQV E\ LWV R[\JHQ DWRPV LQ WKH VXOIRQH JURXS ZKLFK









$ VHQVLWLYLW\DQDO\VLVXVLQJ WKHEDVHFDVH IORZVKHHWZDV WKHQSHUIRUPHGXVLQJ WKH VROYHQW6XOIRODQH DLPHGDW
XQGHUVWDQGLQJWKHVHQVLWLYLW\RIWKHRSWLPDOFRQGLWLRQVWRYDULDWLRQVLQ&2FRPSRVLWLRQLQV\QWKHVLVJDVE\
RIWKHRULJLQDOHTXLPRODUV\QJDVFRPSRVLWLRQ&2+7KHUHVXOWVRIWKLVDQDO\VLV7DEOHUHYHDOHGWKDWDVWKH
&2 FRQWHQW ZLWKLQ WKH V\QJDV VWUHDP LQFUHDVHV WKH RSHUDWLQJ HQHUJ\ UHTXLUHG IRU FDUERQ FDSWXUH LQFUHDVHV
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GHYHORSPHQW RI FRQWHPSRUDU\ FRPSXWDWLRQDO WHFKQLTXHV IRU PROHFXODU FKDUDFWHUL]DWLRQ RI VROYHQWV DQG WKHLU
LQWHUDFWLRQVGHYHORSLQJKLJKILGHOLW\SURFHVVPRGHOVHQKDQFHGURXWLQHVIRURSWLPL]DWLRQVRIWKLVNLQGFRQQHFWLYLW\
EHWZHHQVRIWZDUHSDFNDJHVSURFHVVG\QDPLFVDQGLPSURYHGKLJKSHUIRUPDQFHFRPSXWLQJWRDOORZUDSLGFRPSXWLQJ
RI WKHVH PRGHOEDVHG RSWLPL]DWLRQ SUREOHPV $V FRPSXWDWLRQDO VSHHG DQG DOJRULWKPV FRQWLQXH WR LPSURYH ZH
H[SHFW WKDWPRVWRI WKHVHPHQWLRQHGFKDOOHQJHVZLOOEHRYHUFRPHKRZHYHUGHYHORSPHQWV LQPROHFXODU OHYHODQG
WKHUPRG\QDPLFSURSHUW\PRGHOOLQJWKDWFRQVLGHUUHDFWLRQVSHFLDWLRQLVH[SHFWHGWRFRQWLQXHWREHWKHIXQGDPHQWDO
FKDOOHQJHKHUH
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